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Sub-Doppler resolution spectroscopy of CH4 and PH3 with high sensitivity and accuracy 
 
Thesis Summary 
Molecular spectroscopy has contributed to various fields from fundamental science, such as physics, 
chemistry, and astronomy, to broad applications including material analysis, remote sensing, and 
medical diagnostics. Recently, a highly sensitive sub-Doppler resolution spectrometer with a tunable 
range of 6.3 THz, a relative resolution of 109, and a relative frequency uncertainty of 10−11 level was 
developed using a coherent 3-μm difference-frequency-generation (DFG) source, a cavity-enhanced 
absorption cell, and an optical frequency comb (OFC).  
  In this thesis, I have increased output power level of the DFG source by 50 times in order to enhance 
the sensitivity, and applied the spectrometer to two important subjects in molecular spectroscopy. First, I 
have precisely measured Stark shifts across the entire 3 band of CH4 for the first time even though 
methane is a nonpolar molecule. To analyze the precise data, I have taken the high-order 
vibration-rotation interactions into consideration, and determined four accurate molecular constants 
associated with the vibration- and rotation-induced permanent dipole moments. We have also analyzed 
the spectral intensity of Lamb dips and crossover resonances. Second, I have carried out sub-Doppler 
resolution spectroscopy of PH3 for search of inversion splitting. The negative result has revealed that the 
theoretical prediction of the inversion splitting was overestimated. 
  Chapter 1 is an introduction. A hierarchical structure of molecular internal energy, history of 
mid-infrared molecular spectroscopy, the spectrometer used in the thesis, and the significance of the 
thesis are described. 
In Chapter 2, theoretical backgrounds of saturated absorption spectroscopy, molecular energy levels 
of symmetric and spherical tops, optical cavities, and optical frequency combs are summarized. 
  In Chapter 3, the spectrometer and the frequency control scheme are described. 
  In Chapter 4, measurements and analysis of Stark shifts of CH4 are presented. Twenty transitions 
across the ν3 band are recorded in a sub-Doppler resolution, and four vibration- and rotation-induced 
permanent dipole moment constants are determined.  
  In Chapter 5, the intensities of Lamb dips and crossover resonances in the Stark-modulation spectra 
are analyzed. 
  In Chapter 6, sub-Doppler resolution spectroscopy of the 3ν2 band of PH3 is described. Although the 
observed spectral line width reduces to 160 kHz, no inversion splitting of a spectral line is observed. This 
result denies the recent ab initio theoretical prediction of inversion splitting of PH3 to be 300 kHz. 
  Chapter 7 is a conclusion. Summary of this thesis and future prospects are given. 
 
